Introduction Gastro-oesophageal reflux disease (GORD) is the pathological reflux of gastric contents into the oesophagus. The oesophagus and the upper respiratory tract have a common origin from the foregut. There is increasing evidence for multiple associations of GORD with the upper respiratory tract.
Introduction
Gastro-oesophageal reflux disease (GORD) is the reflux of gastric contents into the oesophagus leading to oesophagitis, reflux symptoms sufficient to impair quality of life, or long-term complications [1] .
The association between gastro-oesophageal reflux and lung diseases has been described from as early as 1938 [2] . In the last decade, an association between reflux disease and multiple head and neck diseases was described, including those of the larynx, pharynx, nose, sinuses and the middle ear [3] . The focus on extraoesophageal reflux disease has become pronounced over the past few years [4] [5] [6] [7] . Most discussed are GORD associated bronchial asthma [8, 9] , chronic cough [10, 11] and symptoms of the ears, nose and throat [4, 5] . Upper respiratory symptoms (URS) have also been found to be frequent among those with symptomatic GORD with a positive oesophageal pH test [12] . The mechanisms proposed are, direct inhibition of upper airways and posterior nasal mucosa by gastric refluxate and/ or neurogenic inflammation triggered by oesophageal irritation [13] . Treatment of GORD has been shown to improve respiratory symptoms [15, 16] .
Consultation for both upper gastro-intestinal and URS is common in the out-patient setting in Sri Lanka. Yet the association between them is not well documented. If an association is present, treatment of one condition could alleviate symptoms due to the other and improve overall patient management. The aim of this study was to describe the frequency of URS in patients with GORD and its association with GORD symptoms and gastroscopy findings.
Methods
Our study was a cross-sectional analytical survey using an interviewer administered questionnaire. It was conducted at the medical clinics and endoscopy unit of the University Medical Unit of the Colombo North Teaching Hospital, Ragama, Sri Lanka. The study was carried out over a period of one year from September 2010.
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GORD patients were those individuals who scored ≥12.5 on a previously validated interviewer administered GORD screening scale [17] and underwent upper gastrointestinal (UGI) endoscopy. The GORD screening scale assessed the frequency and severity of seven GORD symptoms (heartburn, regurgitation, chest pain, cough after meals, abdominal distension, difficulty in swallowing, and belching). A composite score was calculated by adding the sum of products of frequency and severity of each symptom. An individual who scored ≥12.5 was considered as diagnostic of GORD. This questionnaire has been previously validated against 24-hour pH monitoring [17] .
Upper gastrointestinal endoscopy was performed in all GORD patients. The procedure was performed by two trained physicians using a video-endoscope (Olympus, CLV-U20) and findings graded according to modified Savary-Miller criteria [19] . Additional inclusion criteria were: being between the age 15-60 years, being a nonsmoker, absence of a previous diagnosis of lung diseases or GORD (by endoscopy or 24h pH monitoring) and being non-pregnant.
The control group included individuals with infrequent or no upper gastro-intestinal complaints and who were not on any long term medication for treatment of upper digestive or URS and who scored <12.5 on the GORD screening scale. Endoscopy was not performed in controls. The same additional inclusion criteria were utilised in selection of controls.
The sample size was calculated based on a previous study [18] . In this study, the standard deviation of the upper respiratory symptom score of the patients and controls were 3.98 and 2.71 respectively and the mean score difference between patients and controls was 5.27. Based on this, using the unpaired t-test, we calculated that a minimal sample size of 67 in each group was required to have 90% power of detecting a mean score difference of 2.0 between patients and controls at a 5% level of significance if the standard deviation in the two groups were assumed to be 4 and 3. PEPI, version 3 (Abramson JH and Gahlinger PM, Brixton Books, London) was used for statistical analysis. We recruited a sample of 70 participants in each category in view of possible withdrawal of participants.
The GORD patients were assessed at the endoscopy unit. Once inclusion criteria for recruitment of patients were satisfied, they were asked questions on the presence or absence of 14 upper respiratory symptoms (URS). A comparable control group, from among the patient's relatives and friends or staff of the Colombo North Teaching Hospital, was interviewed at the same time. Twenty five patients were interviewed again two days later to assess reproducibility of the questionnaire.
The frequency of 14 upper respiratory symptoms (hoarse voice, lump in throat sensation/ globus, throat clearing, cough, dryness of throat, morning sore throat, bitter taste in throat, nasal congestion, rhinorrhoea, nasal itching, purulent nasal discharge, sinus headache, ear fullness, ear discharge and earache) categorised into five groups (nasal, laryngeal, sinusal, pharyngeal and aural) were assessed with a recall period of one month, by the same interviewer.
The details of medication use for GORD and upper respiratory symptoms and relevant demographic data were recorded. Occurrence of URS were scored as 0 for absent and 1 for present with a score ranging from 0-14. Prior to its use, the URS questions were translated in to Sinhalese and back translated. The questionnaire was pre-tested in ten people from the general population with different literacy levels to assess clarity, understandability and unambiguity of items, and ten patients presenting to the endoscopy unit with upper GI symptoms, as they would be the final target population. All participants gave informed, written consent. The study was approved by the Ethics Review Committee of the Faculty of Medicine, University of Kelaniya.
The symptoms of hoarse voice, sensation of a lump in the throat globus, throat clearing and cough were categorised as laryngeal symptoms and cough, dryness of throat, morning sore throat and bitter taste in throat were categorised as pharyngeal symptoms. The symptoms of nasal congestion, rhinorrhoea and nasal itching were categorised as nasal symptoms, purulent nasal discharge and sinus headache as sinusal symptoms, and ear fullness, ear discharge and earache as aural symptoms. Five variables (laryngeal, pharyngeal, nasal, sinusal and aural) were created indicating the presence of at least one symptom in each category. The presence of at least one upper respiratory symptom and presence of at least one symptom in each category was compared between the GORD patients and controls using non parametric tests and the Pearson Chi Square test. The association of oesophagitis with the presence of upper respiratory symptoms was assessed by Pearson Chi Square test. Binary logistic regression was used to assess the association between medication use and presence of upper respiratory symptoms. A p value less than 0.05 was considered significant.
Results
A total of 70 GORD patients and 70 controls that satisfied inclusion criteria were recruited. Though some of the controls did experience infrequent GORD symptoms, all had GORD symptom scores lower than the cut-off score and were thus categorised as having a negative GORD symptom score for GORD. The GORD patients and controls had comparable baseline characteristics (Table 1) . They differed significantly by the presence or absence of GORD symptoms.
The GORD patients had a significantly higher prevalence of URS compared to healthy controls ( Figure 1) and also compared to those with infrequent GORD symptoms ( Table 2) . Heartburn, regurgitation and belching were the symptoms more commonly associated with URS.
When the URS scores were correlated with the GORD score, significant positive correlations were observed with all URS scores, with the correlation with pharyngeal symptom scores being the highest (Table 3) .
Of the GORD patients, 41 had no evidence of oesophageal or gastric mucosal damage. Twenty nine had evidence of reflux oesophagitis on upper gastro-intestinal endoscopy. There was no difference in URS in those with or without oesophagitis. There was no association between of URS and medications used. 
Discussion
We assessed 14 common upper respiratory symptoms known to be associated with GORD. The symptoms were grouped as laryngeal, nasal, pharyngeal, aural and sinusal based on a previous study [18] . The study found that the frequency of URS in paticipants who experience GORD symptoms is higher compared to controls who do not experience GORD symptoms or who have infrequent GORD symptoms. Heartburn, regurgitation and belching were the symptoms more commonly associated with URS. The present study also revealed that URS were not related to endoscopic findings of GORD. GORD is known to cause oesophageal or extra-oesophageal syndromes, which can co-exist [20] . Of these, respiratory symptoms contribute to considerable morbidity and a reduction in quality of life [11, 17, 21, 22] . It is thought that GORD causes respiratory symptoms by either microaspiration or reflex vagal activity.
The present study showed that of the upper respiratory symptoms, laryngeal symptoms followed by pharyngeal symptoms were the most frequent. Nasal symptoms were common too. A similar study carried out a decade ago reported that the difference in URS scores between patients and controls was mainly due to the high prevalence of laryngeal and nasal symptoms [18] . In our study, nasal symptoms also had a high correlation with the GORD symptom score. Frequent nasal symptoms have been observed in association with nasal hyper-reactivity induced by histamine provocation in GORD patients [23] .
In the present study, pharyngeal symptom scores had the highest correlation with the GORD symptom score. These observations support the fact that the lower oesophagus originates from the primitive trachea [24] . The theory implicated is 'neurogenic inflammation' due to the common vagal innervations of the upper airways and the lower oesophagus. This study showed that heartburn, regurgitation and belching were the symptoms more commonly associated with URS. A previous study assessing the prevalence of GORD symptoms in asthmatics also showed that these same symptoms were the most frequent [25] . Of the 70 GORD patients, 41 showed no macroscopic evidence of oesophageal mucosal damage. It has been reported that despite the presence of symptoms, the majority of GORD patients do not have endoscopic lesions of oesophagitis. About 50% of patients with GORD will have a normal endoscopy in referral centres but in primary care and the general population, the rate of oesophagitis is lower [26] . Further analysis showed that in GORD patients with oesophagitis, upper respiratory symptoms did not show a correlation with upper gastro-intestinal endoscopy findings. In GORD associated extra-oesophageal or atypical manifestations, endoscopic mucosal abnormalities were less common [26] . Upper gastrointestinal endoscopy was not performed in controls and we may have missed 'asymptomatic refluxers', a limitation of this study.
Medications such as beta-2 agonists, steroids and antibiotics are known to aggravate GORD and respiratory symptoms [27] . However, the present study failed to show an association between use of medications and URS.
Twenty four hour dual sensor pH monitoring may have detected a proportion of patients who had nonerosive reflux disease (NERD) which is a chronic, relapsing condition that can adversely affect the quality of life despite the absence of mucosal breaks at endoscopy [28] . However, the symptom score we used has good correlation with dual-sensor 24 hour pH monitoring variables [17] . Moreover, upper endoscopy and 24 hour pH monitoring are relatively insensitive for evaluating patients with atypical presentations of GORD. The ideal method would be upper airway pH monitoring [29] . We were unable to demonstrate proximal aspiration, and vagal function was not assessed. We could not investigate the theories implicated in pathogenesis of reflux-associated URS. However, in a previous study on 30 asthmatics we showed that genesis of respiratory symptoms was associated with mainly distal reflux. We also demonstrated that the asthmatics had a vagal hyper-reactivity and suggested that it was probable that vagal-induced reflex theory was more prominent [30] . Another study reported that there was no difference in the prevalence of URS in those with distal and proximal oesophageal acid reflux. They observed that URS are associated with GORD even in the absence of gastric acid contact with the upper airway mucosa [17] . The same study reported that the proportional increase of URS scores with reflux episodes supports an association between GORD and URS [17] . A future study incorporating ambulatory proximal and distal oesophageal and upper airway pH monitoring and simultaneous vagal function assessment would answer these questions.
As the GORD patients were awaiting an invasive procedure, they may have had a tendency to overrate their perception of symptoms. However, as all participants were blinded with respect to the relationship being studied, we feel that bias in reporting symptoms was minimal.
In conclusion, this study in a cohort of Sri Lankan adults confirms that URS are common in patients with Paper GORD. Future studies should involve concurrent assessment of intra-oesophageal and upper airway pH and a therapeutic trial to assess the role of anti-acid therapy as treatment for reflux-induced URS.
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